Abstract: Graph theory provides an elegant and natural representation of molecular symmetry and the resulting group expressed in terms of permutations is isomorphic to the permutation-inversion group of Longuet-Higgins. In this paper, using the group theory package GAP, the character table and the automorphism group of the Euclidean graph of tetrahydroxycalix[4]arenes were computed.
INTRODUCTION
Calix[n]arenes form a well known class of macrocyclic compounds [1] [2] [3] [4] [5] [6] in supramolecular chemistry. In the last decade, many calix[n]arenes and their derivatives were reported as powerful host molecules. 7 They exist in a 'cup'-like shape with a defined upper and lower rim and a central annulus. Their rigid conformation enables calixarenes to act as host molecules as a result of their preformed cavities. By functionally modifying the uper and/or lower rims, it is possible to prepare various derivatives with differing selectivities for various guest ions and small molecules.
These compounds are readily available in a relatively large scale via base catalysed condensation of p-substituted phenols and formaldehyde. Depending on the reaction conditions, macrocyclic compounds containing four phenol units connected to a methylene group can be obtained. 8 There are variety of conformations which these compounds can assume. These result from the free rotation about the s bonds of the Ar-CH 2 -Ar groups. In the case of calix [4] arenes, the relative orientation shown in Figs. 1 and 2 can be assumed. Gutsche introduced the terms "cone", "partial cone", "1,2-alternate", and "1,3-alternate" to these base conformations. 1 The symmetry of a graph through the automorphism group of the graph has been studied. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The symmetry group of a molecule depends on the relative posi-tions of the atoms in three-dimensional space, that is the actual coordinates of the various centers in three-dimensional space.
As shown by Randic, 14 a graph can be depicted in different ways such that its point group symmetry or three-dimensional preception may differ, but the underlying connectivity symmetry is still the same as characterised by the automorphism group of the graph, which by definition comprises permutations of the vertices of the graph that leave the adjacency matrix invariant. However, the molecular symmetry depends on the coordinates of the various nuclei which relate directly to their three-dimensional geometry.
Under symmetry, the automorphism group symmetry of a graph is meant. The symmetry of a graph, also called topological symmetry, accounts only for the bond relations between the atoms, and does not fully determine the molecular geometry. The symmetry of a graph does not need to be the same as (i.e., isomorphic to) the molecular point group symmetry. However, it does represent the maximal symmetry which the geometrical realization of a given topological structure may possess.
In this paper, the automorphism group of weighted graphs is investigated. By definition, a weighted graph is a graph the edges and vertices of which are weighted with different weights. The adjacency matrix of a weighted graph is defined as: A ij = w ij , if i ¹ j and vertices i and j are connected by and edge with weight w ij ; A ij = v i , if i = j and the weight of the vertex i is v i , and, A ij = 0, otherwise. Note that v i can be taken as zero if all the nuclei are equivalent. Otherwise, different weights for nuclei in different equivalence classes and the same weight for nuclei in the same equivalence class may be introduced.
Graph theory provides an elegant and natural representation of molecular symmetry and the resulting group expressed in terms of permutations is isomorphic to the permutation-inversion group of Longuet-Higgins. Our method to the tetra-tert-butyltetrahedrane is applied.
A non-rigid molecule is a molecular system which presents large amplitude vibration modes. This kind of motion appears whenever a molecule possesses vari-ous isoenergetic forms separated by relatively low energy barriers. In such cases, intramolecular transformations occur.
Longuet-Higgins 12 investigated the symmetry groups of non-rigid molecules, where changes from one conformation to another can occur easily.
Throughout this paper, all groups considered are assumed to be finite. Our notation is standard. [17] [18] [19] [20] [21] RESULTS AND DISCUSSION Group theory is one of the most powerful mathematical tools used in quantum chemistry and spectroscopy. It allows the user to predict, interpret, rationalize, and often simplify complex theory and data. At its heart is the fact that set of operations associated with the symmetry elements of a molecule constitute a mathematical set called a group. This allows the application of mathematical theorems associated with such groups to the symmetry operations.
A permutation of the vertices of the Euclidean graph under consideration belongs to the permutation representation of an operation in the point group if and only if the corresponding permutation matrix P satisfies P t DP = D, where P t is the transpose of permutation matrix P and D is the adjacency matrix of the graph. All such permutations of the nuclei which preserve the connectivity of the Euclidean graph of the molecule form a group which is called the Euclidean distance group.
Consider the tetra-tert-butyltetrahedrane molecule to illustrate the Euclidean graph and its automorphism group. It suffices to measure the Euclidean distances and then construct the Euclidean distance matrix D. It should be mentioned that one does not have to work with exact Euclidean distances in that a mapping of weights into a set of integers would suffice as long as different weights are identified with different integers. In fact, the automorphism group of the integer-weig- hted graph, Figs. 1 and 3 , is identical to the automorphism group of the original Euclidean graph. The resulting distance matrix is shown below.
Suppose that G is the set of all permutations which preserve the Euclidean connectivity, the calculations of which are performed by a GAP program. Using such a program, all the examples of Balasubramanian 15 The program does not miss any permutation since is checks the candidate permutations of the given automorphism group in lexiographical order. By this program, one has: G= {(1), (3, 4)(5, 6)(7,31)(8,28)(9,26)(10,29) (11, 24) (12, 27 Teorija grafova daje elegantnu i prirodnu predstavu molekulske simetrije, a rezultuju}a grupa, izra`ena u obliku permutacija je izomorfna u odnosu na permutaciono-inverznu grupu Longuet-Higgins-a. U ovom radu prora~unate su tablica brojeva i automorfisti~ka grupa euklidskog grafa tetrahidroksi-kaliks [4] arena pomo}u GAP paketa za teoriju grupa. 
